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It has been shown  (1)  in  the dog rendered  hypoproteinemic by repeated in- 
jections of gum acacia while on a  diet deficient in protein,  that after cessation 
of  acacia  administration  plasma  protein  concentration  and  total  circulating 
protein  decrease while plasma  acacia concentration  increases.  The reverse  oc- 
curs during periods when the animal is consuming a  high protein diet. The oc- 
currence  of this  phenomonon  suggested  that  stored  gum acacia might  be  re- 
leased into the blood from its sites of deposit under conditions of lowered total 
blood  colloid.  If by repeated  plasmapheresis  in  such  an  experimental  animal, 
more gum acacia could be  removed than  was primarily present  in  the blood, 
the  hypothesis  would  be  confirmed.  The  following experiments  indicate  that 
such  is indeed  the case. 
Methods 
Three dogs were given weekly intravenous  injections  of a  12 per cent solution  of gum 
acacia  in distilled  water  (Lilly) for periods ranging  from 1S to 21 weeks. The animals were 
on diets of known composition before and during  the entire  experimental periods. Previous 
to the initiation  of acacia administration,  during  periods ranging from 3 to 6 weeks, basal 
values were obtained  for all determinations  to be subsequently  performed, and these deter- 
minatious  were carried  out at weekly intervals  throughout the periods of acacia injection. 
Following the last acacia injection, two of the animals were allowed to "rest" for periods of 
3 and 9 weeks before plasmapheresis was started;  one animal was used for another  experi- 
ment in this  period as indicated  further on. 
Plasmapheresis was performed by the withdrawal  of whole blood, and the  immediate in- 
jection of donor dogs' red cells suspended in Locke's solution in a concentration  approximating 
the normal red cell volume. Analyses were made of the plasma from each  removal. Plasma 
gum acacia was determined by a modification of the method of Peoples and Phatak (2), with 
the Evelyn photoelectric colorimeter. Plasma nitrogen determinations  were made in duplicate 
and  triplicate  by a  micro-Kjeldahl  method.  Blood volume determinations  were made peri- 
odically using T-1824 dye (3)  and spectrophotometric  quantitation.  Total circulating protein 
and  total circulating  acacia were estimated  by multiplying  the plasma volume determined 
at the end  of each experimental  period by the respective simultaneous  protein  and acacia 
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concentrations. The amounts of acacia and protein removed were estimated by multiplying 
the volume of plasma removed each time by the respective acacia and protein concentration 
determined  on that plasma. 
Histories 
Dog 1.--A black female mongrel which weighed 7.9 kilos was given a total of 327 gin. of 
gum acacia for a period of 16 weeks. A period of 15 weeks without injection  of gum acacia en- 
sued before plasmapheresis  was started, and no gum was injected subsequently. During the period 
after cessation of injections, the effects of variation in diet on plasma protein and plasma 
acacia were studied;  this dog is included in the series recently reported  (1). The study just 
mentioned was terminated  3 weeks before the present  experiment was begun. During the 
ensuing experimental period of 43 days, the animal remained in good condition and consumed 
all the food offered it. It lost 0.3 kilo in weight during this time. 
Dog 2.--A short haired female mongrel weighing 11.0 kilos was given a total of 445 gin. of 
gum acacia over a period of 21 weeks. During the period of injection the animal received a 
diet consisting of salmon bread and lean ground beef which contained 2.2 gin. of protein per 
kilo body weight. The animal remained in good condition during and following the injection 
period; the plasma protein concentration dropped from 6.3 to 3.0 gin. per cent. The present 
experiments were started 9 weeks following the last injection of the gum acacia solution. The 
diet mentioned above was continued through the first two periods of the plasmapheresis and 
then changed to ground lean beef alone, containing 0.6 gm. of protein per kilo per day. For 
3 days in the middle of the first experimental period (Table II) the animal failed to eat 21 
per cent of the diet. Otherwise all the food was eaten, and the dog's condition was good. 
Dog 3.--A short haired female mongrel weighing 8.9 kilos was given a total of 340 gin. of 
gum acacia over a period of 15 consecutive weeks. The diet during this period consisted of 
salmon bread which contained 2.0 gm. of protein per kilo body weight. The animal remained 
in good condition during the injection period and subsequently. The plasma protein concen- 
tration fell from 6.9 gm. per cent before acacia was started,  to 1.9 per cent at the end of the 
injection period. Twenty days after the injections were stopped, phasmapheresis was started, 
the diet having been changed 2 weeks preceding the institution of plasmapheresis to ground 
lean beef containing 2.3 gin. of protein per kilo body weight. This was reduced to 1.7 gm. of 
protein per kilo at the end of the first experimental period. The experiment was carried on 
for 2 weeks, during which time the animal remained in good condition. 
EXPERIm~rrA~  OBSERVATIONS 
Table I  shows details of the plasmapheresis of dog 1. It is to be noted that 
the animal was subjected to the proced~!re on an average of every 2nd to 3rd 
day. During the entire experiment the plasma protein concentration remained 
fairly constant, whereas the plasma acacia concentration dlmiuished by half. 
The plasma volume also remained fairly constant. 
Table II illustrates the same procedures on dog 2. The plasmapheresis was 
carried out but 18 days compared to the 43 days of dog 1. The plasma protein 
concentration showed a  significant increase during the experiment whereas the 
plasma acacia concentration diminished by a  little less than half. The plasma 
volume was quite constant. Relatively smaller amounts of blood were removed 
from this animal than from the other two. 
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periment lasted for a  shorter period of time and the plasma protein concentra- 
tion was remarkably constant. The plasma acacia concentration, it can be seen, 
gradually diminished by three-quarters. 
The results of the plasmapheresis of all the animals are summarized in Table 
IV. In two of the dogs (1 and 3), there was a  tendency to lose weight. Dog 1 
TABLE I 
Details of Plasmapheresis--Dog  1 
Period 
Base 
Day 
11 
12 
14 
15 
17 
19 
22 
25 
28 
29 
31 
32 
36 
38 
39 
43 
Plasma 
volume 
CC. 
415 
415 
385 
456 
421 
422 
396 
Plasma 
removed 
CO. 
0 
61 
79 
64 
80 
55 
70 
88 
81 
71 
76 
77 
80 
60 
77 
53 
86 
70 
74 
79 
Plasma  pro- 
tein concen- 
tration 
gm. per cent 
3.9 
3.9 
3.8 
4.1 
4.2 
4.0 
4.0 
3.9 
3.6 
3.9 
3.7 
4.0 
3.8 
3.8 
4.0 
4.1 
4.0 
4.1 
3.8 
4.1 
3.1 
2.2 
3.4 
2.9 
2.8 
3.2 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
Plasma 
acacia 
removed 
gm. 
0 
0.7 
0.9 
0.5 
0.9 
0.5 
0.7 
0.8 
0.7 
0.6 
0.6 
0.6 
0.6 
0.4 
0.5 
0.4 
0.6 
0.4 
0.4 
0.5 
had a  much higher protein intake than  did the other two animals. Variations 
in plasma protein and plasma acacia concentrations have  already been  indi- 
cated. The total "colloid" concentration, the sum of the concentrations of pro- 
tein  and  of  acacia is  of  interest.  Although  some  values  are within  normal 
limits, the majority of the figures fall slightly below what would be considered 
normal plasma protein concentration as stated above. 
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TABLE  II 
Details of PIasmapheresis--Dog  2 
Period 
Base 
Day 
1 
2 
5 
7 
9 
12 
14 
16 
18 
Plasma 
volume 
G¢. 
621 
598 
616 
613 
Plasma 
removed 
CO. 
0 
98 
86 
99 
90 
104 
99 
113 
108 
108 
Plasma 
protein con- 
centration 
gin.  per cent 
3.9 
3.7 
3.8 
3.8 
3.8 
4.0 
4.1 
4.5 
4.8 
5.1 
Plasma 
protein 
removed 
gm. 
0 
3.6 
3.3 
3.8 
3.4 
4.2 
4.1 
5.1 
5.2 
5.5 
Plasma 
acacia con- 
centration 
gin, per cent 
2.4 
2.3 
2.1 
2.1 
1.9 
1.7 
1.4 
1.2 
1.2 
1.1 
Plasma 
acacia 
removed 
gm. 
0 
2.3 
1.8 
2.1 
1.7 
1.8 
1.4 
1.4 
1.3 
1.2 
TABLE III 
Details of Plasmapheresls--Dog  3 
Period  Day 
Base  0 
1 
2 
3 
1  4 
6 
7 
8 
9 
10 
2  11 
13 
14 
Plasma 
volume 
co, 
568 
572 
570 
Plasma  Plasma 
removed  protein  con-  centration 
gm. ~er cent 
3.4 
3.4 
3.4 
3.3 
3.4 
3.7 
3.6 
3.7 
4.0 
3.8 
3.6 
3.9 
3.5 
Plasma 
protein 
__  I  removed 
0 
5.2 
4.9 
4.8 
4.6 
5.6 
5.8 
6.0 
7.4 
7.3 
7.3 
8.1 
6.7 
Plasma  ] 
acacia con- 
centration 
gin. per cen~ 
2.8 
2.8 
1.8 
1.7 
1.4 
1.2 
1.1 
0.9 
0.9 
0.9 
0.9 
0.8 
0.7 
Plasma 
acacia 
removed 
gm, 
0 
4.3 
2.6 
2.5 
1.9 
1.8 
1.8 
1.4 
1.7 
1.7 
1.9 
1.7 
1.3 
from dogs 1 and 3, but in dog 3,  the time for removal was approximately one- 
third of that in dog 1. Dog 3  also yielded more gum acacia than did the other 
two animals, both in total amount and per body weight. 
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ency to increase,  except  during  the  third  period  of dog 3,  when  there  was a 
significant rise in spite of a  lowered protein intake. The total acacia in the cir- 
culation of all animals diminished significantly. The total circulating "colloid" 
diminished slightly in all animals, and this can be accounted for by the decrease 
TABLE IV 
Summary of Acacia and Protein Values--(3 Dogs) 
Weight  Protein  11 Averageln  concentratiOnplasma  H  PlaSmaremoved"Colloid"]i  "Collold"bloodin  circulating 
Period  intake  -Protem~Acacla  col-  --Protein  Acacia  Protem~Acacla  Total  -.--:-77-.  ........  Total 1 
--11--1--1  sod,,  Weight 
• T  gm./kg./  gm.  gm.  gm.  gm.  gm.  day  IIpercen,  lpsrcentlpsrcentllpercen$1percent[I  gin.  I  gin.  I  gin.  [gra./kg. 
Dog 1 
6.0 
6.0 
5.9 
5.7 
5.8 
5.7 
5.6  3.9 
5.8  4.2 
3.3  3.9 
6.1  3.8 
6.0  4.0 
6.8  4.1 
1.2  5.1 
1.1  5.3 
0.9  4.8 
0.8  4.6 
0.7  4.7 
0.6  4.7 
8.0 
11.8 
8.5 
8.4 
8.7 
8.9 
2.1 
2.9 
1.9 
1.6 
1.5 
1.3 
Total  54.3  11.3 
Dog 2 
16.2  5.0  21.2  3.5 
16.1  4.2  20.3  3.4 
17.8  4.1  21.9  3.7 
16.0  3.4  19.4  3.4 
16.9  3.0  19.9  3.4 
16.2  3.0  19.2  3.4 
11.3 
11.4 
11.4 
2.2  3.8 
2.2  4.0 
0.6  4.8 
2.4  6.2 
1.6  5.6 
1.2  6.0 
14.1  7.9 
8.3  3.2 
15.8  3.9 
Total  38.2  15.0 
Dog 3 
22.7  14.4  37.1  3.3 
24.6  9.9  34.5  3.0 
29.4  7.4  36.8  3.2 
1  8.5  2.3  3.5  1.7  5.2  30.9  14.9 
2  8.1  1.7  3.8  0.9  4.7  42.8  9.7 
Total  73.7  24.6 
I 
20.0  9.7  29.7  I 3.5 
21.7  5.1  26.8  ] 3.3 
in gum acacia, although it was partly compensated for by the slight increases in 
protein. 
The  relation  of total  colloid  to  weight provided  an  interesting  column  of 
figures. In spite of individual differences in total circulating colloid, when the 
weight is taken into consideration, remarkably constant values were obtained. 
In order to show whether  or not more acacia was removed from the blood 
than was originally present,  the total circulating acacia at the end of each ex- B2  MAINTENANCE OF  BLOOD COLLOID 
periment was subtracted  from the  total  circulating  acacia  at  the  beginning. 
The  difference represents the  amount  of acacia in  the  removed blood which 
could  be  considered  as  coming from the  circulation.  This figure,  subtracted 
from the total amount of acacia removed, gives the amount of acacia in excess 
of that in the circulation, which can be accounted for by removal from its sites 
of deposit in the body. These figures are shown in Table V. The results are con- 
sistent in all animals. All had more acacia removed than was originally esti- 
mated to be present in the circulating blood. In the case of dog 1 almost twice 
as much acacia was removed. Of the other two animals, dog 2 showed an excess 
of about one-half above the original amount in the blood, whereas dog 3 had 
almost as much excess removed as was present in the blood at the beginning 
of the experiment. 
TABLE V 
Summary of Acacia Removed  (3 Dogs) 
Dog No  ...................................................  1  2  3 
Total circulating acacia at start, gin... ~  ........ 
Total circulating acacia at end, gm ............. 
Total acacia removed by plasmapheresis,  gm  ..... 
Decrease in total circulating acacia, gm  ......... 
Acacia removed from source other than blood, gin. 
5.0 
3.0 
II .3 
2.0 
9.3 
14.9 
6.7 
15.0 
8.2 
6.8 
15.9 
4.0 
24.6 
11.9 
12.7 
DISCUSSION 
The results support the assumption that acacia can be transferred from its 
sites of storage back into the blood. They verify the inference (1) that the in- 
crease in blood acacia in an animal injected with gum acacia and receiving a 
low protein diet is the result of the withdrawal of acacia from body "storage." 
In addition they add evidence for the idea that colloidal substances under cer- 
tain conditions may pass in and out of cells.  Whether plasma protein may act 
in a  similar manner is still not proven, but its behavior when associated with 
gum acacia in the body is similar in some respects. Protein disappears from the 
blood following single  or multiple  injections  of gum acacia. That  it  remains 
in the body under such circumstances is indicated by observations showing that 
there is no significant increase in urinary nitrogen. Therefore it has been postu- 
lated  (4,  5),  that plasma protein under  such  conditions may be returned  to 
various storage sites in the body, perhaps chiefly in the liver, until such time as 
a  sui~cient  amount of acacia has been excreted  (v/a bile and urine)  to allow 
room for the protein in the blood.  Conversely, the increase in blood acacia in 
animals receiving a low protein diet (1) has suggested that under  conditions  of 
plasma  colloid lack, gum acacia can be released from deposits in the body, and 
substitute for protein  as  colloid.  It has been shown  (4)  that  the  gum is  de- R. E. ~qUTTI, 1%. A. WARRICK~  AND  J. B. GOETSCH  83 
posited in liver cells, and in animals such as those studied here, it is also found 
in lesser amounts in other organs. There is no evidence that acacia is depos- 
ited in extracellular spaces. 
Attention has been called previously to the hazards of attempting to com- 
pare the behavior of gum acacia with that of plasma protein  (1),  but if, as 
Whipple believes, plasma protein molecules pass readily from within cells  to 
the blood and back again (labile protein)  (6),  then it seems reasonable to use 
the comparison as a basis for discussion. In pointing out similarities in the two 
substances as colloids then, one must take the following points into considera- 
tion: (a)  Gum acacia is deposited in liver cells  (4)  as well as in cells of other 
organs. (b) Gum acacia can be transferred from its sites of storage to the blood. 
(c) Protein molecules appear capable (4--5) both of entering and emerging from 
cells. It would seem that in so far as these aspects of their colloidal behavior is 
concerned, there is more similarity between gum acacia and plasma protein 
than had previously been surmised, and that studies of the behavior of gum 
acacia can be of assistance in an understanding of colloid behavior in the body. 
SUMMARY AND CONCLUSIONS 
Removal of blood plasma by plasmapheresis from dogs made hypoproteinemic 
by injections of gum acacia over long periods of time, has resulted in the removal 
of more gum acacia than was originally present in the plasma. Gum acacia in- 
jections had been discontinued previous to the start of the experiments, and 
hence it must be concluded that the excess amounts of acacia were derived from 
deposits in the various organs. 
These observations verify the previous suggestion that the increase in blood 
acacia in the hypoproteinemic dog on a  low protein diet is due to the transfer 
of acacia to the blood from its sites of deposit in the body. The experiments 
further suggest that the colloid content of the blood stream is maintained at the 
expense of tissue colloids, and support the idea that colloidal substances may 
pass in and out of cells. 
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